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Acne vulgaris is the result of multifactorial disorders 
of the pilosebaceous duct. The initial lesion is be-
lieved to be hyper-keratinization of the infundibu-
lum. The Rhino mouse has been used as an experi-
mental acne model system for screening anti- · 
keratinizing and comedolytic agents . Using this 
system we show that trypsin could induce desquama-
tion and utriculi-epidermal differentiation in the ab-
sence of irritation. Following five daily trypsin treat-
ments, the bi01nechanical properties of the mouse 
A cne vulgaris is a disorder of the pilosebaceous unit that affects, to some degree, nearly all adolescents and m any adults. T he initi al lesion of the disease is believed to be hyper-cornifi cation and hyper-kera-tinization of the in fundibulum, a process that helps 
transform the sebaceous follicle into a com edone. T he disorgani-
za tion of the epithelium may give rise to inflammatory lesions as the 
infundibulum ruptures and sebum is introduced into the dermis. 
Acne therapy is directed against the three major path ologic pro-
cesses: the o bstruction of the sebaceous follicle, resulting from 
abnorm al desquamation of the follicu lar epithelium, the androgen-
stimulated increase in the production of sebum, and the prolifera-
tion of propionibacteria within the follicle, which contributes to the 
infl ammation . Superficial acne will usually respond to topica l 
therapi es such as cleansing agents, benzoyl peroxide, antibiotics, 
anti-inflammatory agents , and all-trans re tin oic acid (tRA) . Severe 
acne may be treated systemica lly with 13-cis RA, antibiotics, 
ho rmona l agents, or combin ations of the above (reviewed by 
Kligman, 1974; Wilson, 1989; Berson and Shali ta, 1995; Gibson, 
1996; Thibouto t, 1996). 
T he Rhino mouse has been used as an experimental acne model 
to screen topically active comedolytic and anti-keratiniz ing agents 
(reviewed by Sundberg, 1994) . A recessive mutation on chromo-
some 14 results in a mouse with wrinkled skin devoid of body hair 
by age 25 d . At that time, the end of the first hair cycl e, the 
follicular papillae fail to follow the regressing hair follicles and 
become isolated in the dermis . T he papillae do not reassociate with 
the follicular epithe lium to initiate a new hair follicle cycle. T he 
upper remnants of the hair fo llicl es are filled with sloughed, 
cornified cells and form utri culi with a small sebaceous gland at 
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skin improved, as demonstrated by cutometer mea-
surements and increased elastin expression. Exten-
sive programmed cell death and apoptosis are dem-
onstrated in the utriculi epithelium of the untreated 
animals. This cell death is eliminated by the trypsin 
treatment. We speculate that co-administration of 
trypsin might increase the therapeutic value of topi-
cal acne treatments and improve skin elasticity while 
reducing irritating effects. Key words: apoptosislacne 
model system. J Invest Dermatol 109:370-376, 1997 
th eir base, resembling an open comedone . The Rhino skin becomes 
progressively loose, forming folds and ridges, due to the expansion 
of the surface, secondm:y to abortive hair follicles filling with 
cornified debri s. The utriculi progressively enlarge, forming pilary 
cysts (pseudocomedones), which are dilated follicular infundibula 
filled with cornified debris. 
We had previously shown that serine proteases are involved in 
the process of terminal differentiation of the epidermis. The basal 
keratinocyte cel.l line Pam212 secrets a serine protease that is 
involved in programmed cell death (PCD) . Downregulation of 
Bcl-2, a cell survival facto r, results in terminal differentiation of 
these basal cells into spinous-like cells and induces PCD. This 
correlates with an increase in the keratinocyte-secreted serine 
protease (Marthinuss et a/, 1995a, 1995b) . We hypothesized, 
therefore, that serine pro teases might affect epidermal differentia-
tion in vi11o as well. An increase in epidermal thickness of C57Bl/6 
mice, topicaLly treated with trypsin, supports tlus idea (Seiberg eta/ , 
1997). Therefore, we studied the possibility that serine proteases 
could be used as anti- acne agents. U sing the Rhino mouse system , 
we show here that tt:ypsin induces follicular epithelial hyper-
proliferation, which results in reduced utriculi diam eter and par-
tially restores desquamation. The trypsin treatment affects PCD and 
apoptosis of tl1e follicular epithelium and the epidernus. W e also 
dem onstrate an increase in skin elasticity following such treatment. 
MATERIALS AND METHODS 
Chemicals Trypsin and other chemica ls were from Sigma (St. Louis, 
MO) . R.etinoic acid was from BASF (Ludwigshafen, Germany). Trypsin was 
labeled fluorcsccntly using a M olecular Probes kit (Eugene, OR). Glycerol 
dilauratc (GDL) liposomes (50 mg lipids per ml) were prepared as described 
by Niemiec et nl (1 995) . T he nonionic li posomal formulation contains GDL 
(Emulsynt GDL, lSP Van Dyk, Belleville, NJ) /cholesterol (Croda, Parsip-
pany, NJ)/polyoxyethylene-10-stcaryl etl1er (Brij76, IC I, Wilmington, DE), at 
a ratio of 58:15:27. HEPES buffer, 0.05 M , pH 7.4 (Life Technologies, 
Gaithersburg, MD) was used as the aqueous phase in the preparation of tl1e 
liposomes. 
Animals RHJ/LE Hairless (R.h.ino) male mice, 5-7 wk of age, were 
obtained from J ackson Labor:~tories (Bar Harbor, ME) and treated as 
described by Mezick et nl (1984) and EiciU1er et nl (1996). Young golden 
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Table I. Trypsin Induces a Concentration-Dependent 
Reduction in the Rhino Mouse Utriculi Size 
Treattnene' % Utriculi reduction'' TEWL' 
Trypsin 0.001 % 26.85 ::t 4.38 29.53 ::t 3.68 
Trypsin 0.005% 19.58 ::t 3.06 26.40 ::t 1. 77 
Trypsin 0.01% 33.08 ::t 2 .15 28.53 ::t 2 .1 8 
Trypsin 0.05% 43 .84 ::t 0.62 36.57 ::t 2.07 
Trypsin 0.1% 50 .67 ::t 0.83 42.8 ::t 4.33 
Trypsin 0.5% 54.3 1 ::t 1.33 36.23 ::t 1.24 
Trypsin 1.0% 54.85 ::t 1.02 42.0 ::t 1.14 
Liposome vehicle 13.2 ::t 1.82 19.8 ::t 1.14 
" Mi ce were treated with trypsin (0.001-1.0%) for 5 d , and sacrificed at day 8. 
" Percent o f utriculi reduction (mean ± SD) vers11s liposomc contro l was ca1cu1ared 
using image analysis. Nocc that the percent o f utriculi reduction of the liposomc 
vehicle was calculated relative to untreated control. 
( TEWL was measured on the fifth day of trea ttnent. Expressed as g/m 2h (mean ± 
SD). 
Syrian hamsters, weighing 45-55 g upo n arrival, were from C harles River 
(Wilmington, MA) . The ventral side of the right ear was treated daily, 5 d 
per w k, with 10 !J-l for 3 wk, and the left ear was used as untreated control. 
Transepidermal water loss (TEWL) was m easured as g/m 2h , with an 
evapori.m eter (Evapori.meter EPI, Servomed AB, Stockholm Sweden), using 
standard techniques. C uto m eter measurements were as described by Elsner 
eta/ (1990) and Couturaud et a/ (1995) , using an Aca<;lerm cuto m eter (Menlo 
Park, CA). 
Histology H ematoxylin and eosin staining was performed using standard 
techniques. Elastin staining was performed on. paraffin sections as described 
Figure 1. Trypsin reduces utriculi size in the Rhino mouse. Mice 
were treated daily w ith 0.1 % trypsin in GDL liposom es for 5 d and sacrificed 
at day 8. H ematoxylin and eosin staining reveals epidennal hyperplasia and 
reduced utriculi size in the trypsin-treated animals. (a) untreated and (b) 5 d 
trypsin-treated. Scale bar, 5 IJ-111. 
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Figure 2. Trypsin is delivered into the utriculi and sebaceous 
glands using GDL liposomes. Untrea ted (a) and 5 d trypsin (1 %)- trea ted 
mice (b) were painted with fluorescently labeled trypsin (1 %) . Animals were 
sacrificed after 4 h oflabcling, and skins were processed for frozen sections. 
Scale bar, 5 IJ-111. 
by Kligm an (1981). Apoptotic stainin g (tenninal dem.:ynucleotidyl trans-
ferase-m ediated nick-end labeling) was performed on paraffin sections using 
A poptag (Oncor, Gaithersburg, MD, m anufacturer's protocol) , a teclmique 
based on the labeling of fragm ented DNA ends (Gavt;eli er a/, 1992) . 
Apoptotic cells were defined by both m orpho logy (condensed or frag-
m ented nucle i and cytoplasm o r apoptotic bodies) a.nd staining (fragmented 
DNA within the condensed nuclei) . 
Image Analysis Whole m ount epidermis was processed and microscopic 
m easurem ents were taken acco rding to Mezick et a/ (1 984), Bouclier eta/ 
(1991), and Bernard et a/ (1991). Processing and m easurem ent of hamster 
Table II. Mechanical Properties of Trypsin-Treated 
Rhino Mouse Skin" 
Day 7 Day 12 Day 16 
C utomctric 
parcuneter1' con { tryp con t tryp cont tryp 
U a/Uf 0.541 0.593 0.656 0.663 0.429 0 .675 
::t 0.04 ::t 0.009 ::t 0.008 ::t 0.010 ::t 0.009 ::t 0.003 
Ur/ Ue 0.408 0.557 0.242 0.666 0.243 0.733 
::t0.08 ::t 0.021 ::t 0.006 ::t 0.024 ::t 0.006 ::t0 .018 
Ur/Uf 0.300 0 .359 0.370 0.548 0.204 0.404 
::t0 .019 ::t 0.022 ::t 0.005 ::t 0.011 ::t0.031 ::t 0.008 
'
1 Rhino mice were treated with trypsin (0 .1 %) daily, 5 d a week, for 2 wk. Each 
cutomcter m casu_rcm ent is of six anim als (mean ± SD). Difrcrent animals were used at 
the different time points . 
1
' An h1 crcasc in the ratio of deformation parameters reflects impt:ovcd ski n elasticity. 
r con t, untreated t;Ontro l; tryp, trypsin-treated anim als. 
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Figure 3. Trypsin treatment increases thickness and density of elastin fibers. Mice were treated as indicated in Fig 1, and skins were processed 
for paraffin sections and stained for elastin . Elastin fibers of veh icle- treated (a) and trypsin-treated (b) skins, sta ined purple-red, arc most noti ceable around 
the utriculi , and between the epidermis and the sebaceous glands. Scale bar, 1 0 /LI11. 
ear sebaceous glands were according to Motoyoshi (1988). Empire lmagins 
Database version 1.1 was used on a Gateway 2000 P5-100 computer (Media 
Cybernetics, Si lver Spring, MD) for capturing images. Image Pro Plus 
version 1.3 was used for measurements and Microsoft Excel (Microsoft 
Corp., Redmond, WA) for data processing. The mean utriculus diameter 
and the mean sebaceous gland size (!L2 ) were calculated for each treatment 
group (five hamsters, three Rhino mice), using five random fields, two 
measurements per field, per animal. Percent reduction in utriculi diameter 
was calculated as described by Finne)• (1978). 
a 
Reverse Transcription-Polymerase Chain Reaction (RT -PCR) 
Animals were sacrifi ced and total RNAs were extracted from whole skins 
(RNA Stat-60. Tel-Test B, Friendswood, TX, manufacturer's protocol). At 
least three animals were used for each treatment, and samples were ana lyzed 
individually. Tota l skin DNased-RNA (200 ng), (Promega, Madison, w ·I , 
R.Ql RNase- free DNase, manufacturer's protocol) fi:om each sample was 
reverse transcribed (GIBCO-BR.L, Gaithersburg, MD, Superscript II re-
verse transcri ptasc, Inanutacturcr's protocol), using randon1 hcxanters 
(GIBCO-.BRI.., MD) . RT products were PCR-amplified (Taq polymerase, 
Figure 4. Trypsin and tRA have an additive effect on restoring 
epidermal desquamation and reducing utriculi size. Mice were 
treated with 0.0005% tRA (a), 0.005'Vo trypsin (b), or both (c), as indicated 
in Fig 1. Hematoxylin and eosin ana lysis demonstrates improvement i11 
epidenna l condition with the combination therapy re lative to each single 
treatment. Scale bar, 5 /Lm. 
c 
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Table III. Trypsin Has No Effect on the Size of the 
Hamster Ear Sebaceous Glands 
Treatn1ene' 
Untreated (unt) 




99112.4 ~ 2904 
94698.9 ~ 4997.1 
95043.0 ~ 4269.1 
NA 
4.5% (vs. unt) 
- 0.36 (11s. lipo) 
''Hamster ears were treated with liposomc vehicle alone or w ith trypsin (0.5%). 
'' 1L2 ± SO. 
c T he pe rcent redu ction in sebaceous gland size is calculated relative to the re levant 
control. 
Perkin-Elmer-Cetus, Branchburg, NJ) , using C lontech primers, Clontech 
positive control, and C lontech PCR protocol (Ciontech , Palo Alto, CA) for 
mouse glyceraldehyde-3-phosphate-dehydrogenase (G3PDH). Transglu-
taminase primers were: sense: 5 ' AACCCCAAGTTCCTGAAG and anti-
sense: 5'TTTGTGCTGGGCCACTTC. The reaction contained 2.5 mM 
MgC12 , and the cycle was 1 min at 94°C, 2 min at 55°C , and 3 min at 72°C, 
for 35 cycles. Elas tin primers were: sense: 5' TAAGGCAGCCAAATATG-
GTG and anti-sense: 5'ACCTGGATAAATGGGAGAAAG. The reaction 
contained 5 mM MgC12 , and the cycle was 1 min at 94°C, 2 min at 55 °C, 
and 3 min at 72°C , for 35 cycles. lnvolucrin primers were as described by 
Marthinuss et nl (1995a). For G3PDH, only 10% of the PCR reaction was 
used. PCR products were ana lyzed on 2% agarose/ethidium bromide gels. 
An RNA sample that was not reverse-transcribed was used as a negative 
control for each PCR amplification. Obtaining no band indicates the lack of 
genomic DNA contaminants. A 6-mo-old mouse skin (nonsynchronized 
hair cycle) RT was used as a positive control when plasmids were not 
available. The migration of the RT-PCR. products on the gels was always 
identi ca l to that of the positive controls and to the reported amplimer sizes. 
To compare the relative quality of the R.T-PCR. reactions, the transcription 
leve l of G3PDH, a " housekeeping" gene, was used as a control. G3PDH 
gene express ion was fo und to be similar at all the time points examined (see 
Fig 6) , enabling analysis of the relative levels of gene expression for the 
desired genes. 
RESULTS 
Trypsin-Treated Rhino Skin Has Reduced Size Utriculi 
R . .hino mice were topically treated with trypsin (0.001-1%, in GDL 
liposomes) once daily for 5 d . Animals were sacrificed at day 8, and 
image analysis was used to quanti£)' the reduction in utriculi size . As 
shown in Table I, trypsin induced a dose-dependent reduction in 
utriculi size that reached a plateau at - 0.1% trypsin. A further 
increase in trypsin concentration did not result in more than 55% 
re du ction of utriculi size relative to liposomal control. A small 
reduction in utriculi diameter was observed with the liposome 
vehicle alone. A single trypsin (1 'Yo) treatment had no effect on 
utriculi reduction when analyzed 7 d later (not shown). 
To further characterize the effect of trypsin on the Rhino mouse 
skin, we measured transpiration of water from the skin using an 
evaporimeter. As shown in Table I , TEWL increased in a dose-
dependent manner, with a plateau reached at - 0 .05% trypsin. Tllis 
is approxin1ately the same concentration for the maximal reduction 
in utriculi diameter. There was no correlation between TEWL 
increase and visual irritation . The minor scaling and erythema 
observed throughout these experiments were not dose-dependent 
and remained low even at 1% trypsin. 
Histology ofTrypsin-Treated Rhino Mouse Skin Histologic 
analysis of untreated, liposome control (not shown) and trypsin-
treated animals revealed major changes in the trypsin-treated skins. 
As shown in Figure 1, the trypsin-treated epidermis was hyper-
plastic with an increase in the number of cell layers of both the 
follicular epithelium and the epidermis. Changes were observed 
mainly at the granular layer and the stratum corneum, resulting in 
restored desquamation. These epidermal changes are well-charac-
terized markers for retinoid activity iu 11i11o and are associated with 
potential clinical efficacy. 
The expression of i.nvolucrin, a marker of epidermal differenti-
ation, was analyzed using RT-PCR (see Fig 6). Involucrin mRNA 
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level was increased following tt)'psin treatment in a dose-depen-
dent manner. T llis indica tes that nonnal epidermal turnover and 
differentiation were restored. 
Follicular Delivery of Trypsin The potential for the use of 
nonionic liposomes to target protein delivery to the hamster ear 
sebaceous glands h as been previously demonstrated (Niemiec et al, 
1995; Lauer et al, 1996) . Using the same delivery system, we were 
able to target trypsin into hair follicles of C57Bl/ 6 mice (Seiberg et 
a/, 1997) and into the Rhino mouse utriculi and sebaceous glands. 
We verified the specificity of the delivery w ith fluorescently 
labeled trypsin. A.tlimals were topically trea ted with the labeled 
tt)'psin, then sacrificed at 1 and 4 h after treatment, and skin 
samples were analyzed histologically. As shown in Fig 2a, almost 
all of the fluorescent labeling was found wid1in the utriculi and 
sebaceous g lands. The 1 h (not shown) and 4 h (Fig 2a) treatments 
with the tagged trypsin displayed identical staining pattern, with no 
apparent additional skin penetration at the later time point. This 
observation rules out a possible nonspecific skin-extracellular ma-
trix digestion by the protease (which would be seen as deeper 
penetration of the fluorescent stain into the stratum corneum at the 
later time point) . 
The effect of long-term trypsin treatment on the delivery system 
was also studied. M.ice treated \vid1 trypsin for 5 d w ere treated \vith 
the fluorescently labeled trypsin at day 5, for 4 h (Fig 2b) . No major 
changes were observed in the delivery route into the utriculi and 
sebaceous glands of the treated skins. A minima.! staining at d1e 
outer portion of the stratum corneum of the trypsin-treated skins 
indicated some loss of barrier integrity, as shown earlier by the 
increased TEWL (Table 1). 
Trypsin Treatment Results in Increased Skin Elasticity 
Upon palpating the treated animals, a noticeable effect on skin 
e lasticity was observed. To quantitate tllis effect, a cutometer 
analysis was performed . Suction was applied through a 2-mm 
aperture, and the corresponding skin displacement and tl1e recovery 
after release of the negative pressure were measured. In human 
studies an improvement in the ra tios of defonnation parameters 
Ua/ Uf (skin fatigu e, total recovery from the load), Ur/ Uf (biologic 
elasticity, elastic recovery afte r loading) , and Ur/ Ue (firmness , 
improvement in the deformation resistance of the skin) indicates 
better tonicity and elasticity of the skin (e.g., Elsner et nl, 1990; 
Couturaud et nl, 1995). T h e deformation parameters Ue, Uf, Ua, 
and Ur are dependent, in part, on skin thickness. Consequently, 
ratios are used for evaluation (Barel et al, 1995). As shown in Table 
II, trypsin treatment results in an increase in a.ll these parameters . 
While variations between animals were significant, the increase in 
cutometric prope rties was consistent and increased with time and 
length of treatment. 
To further study tlus elasticity effect, skin sections of trypsin-
treated mice were stained for e lastin (as in Kligman, 1981). As 
shown in Fig 3 elastic fibers were increased in size and density 
arow1d the utriculi and the sebaceous glands of the treated animals. 
At1 increase in elastic parameters and elastin staining was also 
observed when C57Bl/6 mice were topically treated witl1 trypsin 
(not shown). Vellicle-treated mice had an elastic profile (cutome tL)' 
and e lastin staining) similar to that of untreated controls (data not 
shown). 
Gene expression studies using RT -PCR demonstrate an increase 
in elastin mRNA following treatment with increasing concentra-
tions of tt)'psin (see Fig 6). New elastin is expressed, therefore, 
fo llowing tt)'psi.n treatment, wllich results in increased skin elastic-
ity. 
Trypsin Acts by a Mechanism Different from Retinoic Acid 
The possible effect of trypsin on the sebaceous component of acne 
was evaluated using the hamster ear model system .. In this model, 
steroids and retinoids induce a dose-dependent reduction in the size 
of the han1ster ear sebaceous glands. As shown in Table III, trypsin 
had no effect in tllis system, in1plicating a different mechanism than 
tRA. Therefore, we studied the possibility that trypsin nligbt add to 
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Figure 5. The Rhino follicular epid ermis undergoes extensive PCD and apoptosis, which is eliminated b y trypsin. Mice were treated as 
indica ted in Fig 1, and paraffin sections were stained for apoptosis using a TUNEL sta in with a peroxjdase end point (brown), and methyl green counter-stain. 
Vehicle-treated skin sections (n,b), as well as unn·eated (not shown), show minimal apoptos is at the granular layer, indicating abnormal ep idermal 
differentiation, while follicular apoptosis is very high (arrowheads). Trypsin-treated skins (c,d) show restoration ofPCD at the granular layer, and no ce ll death 
at the folli cular epithelium. Scale bars: (a,c) 10 J.Lm; (IJ,d) 5 J.L111. 
the anti-acne therapeutic effect of tRA. RJl.ino mice were treated 
with suboptimal doses of trypsin (for utriculi reduction), tRA, or 
both, and skins were analyzed histologically. As shown in Fig 4, an 
additive effect was observed using the combination of suboptimal 
doses of these reagents. 
Trypsin Treatment Results in the Elimination of PCD in 
the Rhino Follicular Epithelium Since the fo llicular papiiJae 
are no t associated with the Rhino mouse follicular epithelium, we 
proposed that this epithelimn should undergo extensive PCD and 
apoptosis. Terminal deoxynucleotidyl transferase-mediated nick-
end labeling staining, whi ch labels ends of DNA fi·agments (Gav-
rieli et al , 1992), revea led an unusual high level of apopto tic bodies 
in the follic ular epithelium (Fig. Sa, b) . Trypsin treatment resul ts in 
th e elimination of all the apoptotic bodies within the fo llicular 
epithelium (Fig Sc,d) . T his effect is specifi c to the utricu li . PCD and 
apoptosis within the epidermis were restored by trypsin as epider-
mal differentiation was res tored . 
T he expression of transglu taminase, an enzym e involved in the 
cross-linking and formation of apoptotic bodies, was studied using 
RT-PCR (Fig 6). Transgluta.min ase mRNA level was very high in 
control anima ls and was reduced to below detection level with 
increasing concentrations of trypsin . 
Gene Expression Following Trypsin Treatment In order to 
be tter understand the molecular mechanism of the trypsin-induced 
changes in the follicu lar epithe lium, we studied the mRNA levels 
of several genes foiJowing tryps in treatment. The mRNA levels of 
involucrin , a gene involved in. epidermal differentiation , w ere 
upregulated with increased concentrations of tl)'psin (Fig 6) . The 
expression of tra.nsglutaminase, a gene involved in the fin al steps of 
the apoptotic ce iJ death , was reduced with trypsin treatment (Fig 
6) . T his pattern of gene expression supports the increased thickness 
and the redu ced apoptosis of the fo llicular epithelium, observed 
histologicall y fo llowing trypsin treatment. 
T he increase in skin biophysical properties, togeth er with the 
in crease in e lastin staining, led us to study the expression of elastin 
Trypsin Concentration , % 





F igure 6. Gene expression following trypsin treatment. Mice were 
treated as indicated in Fig 1, and RNA and RT-PCR were perfo rmed as 
described in Materials nud Met /1 ods. G3PDH, a housekeeping gene, was used 
for normaliza tion . 
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following trypsin treatment. An increase in elastin mRNA was 
observed with trypsin trea tmen t (Fig 6), supporting the in creased 
skin elasticity of the treated animals. 
DISCUSSION 
The pathogenesis of acne vulgaris is multifactorial, resulting fi-om 
excessive follicular keratinization and sebum production and bac-
terial proliferation contributing to inflammation . Effective manage-
ment should be directed to the combination of these fo ur fa ctors. 
Willie topical retinoids are considered to be the most effective 
single comedolytic agent, their clinical effi cacy is limited by their 
irritant effects. Here w e show that the combination of trypsin with 
suboptimal doses of tRA could lead to a potentially effective 
comedolytic agent with a lower irritation profile. 
U sing the Rhino mouse model sys te m, w e show that trypsin 
could induce fo llicular- epiderma.l differentiation accompanied by 
on.ly minimal irritant e fl:ects. While retinoids in acne affect epider-
nul differentiation and sebum production, trypsin acts only on the 
epide rmal differentiation component of acne. Therefore, an addi-
tive th erape utic effect could be observed over a range of suboptimal 
tRA concentrations. 
An anti-aging-like effect was demonstrated as the elastic prop-
erties of trypsin-treated skin improved relative to untreated or 
vehicle-treated control skin . Elastin gene expression was increased , 
elastin staining revealed thicker and denser fib ers around the 
utriculi and the sebaceous glands, and ratios of de formation param-
eters w ere improved, re fl ecting better skin tonicity. Changes in 
m echanical skin properties upon topical tRA treatment have been 
reported (Berardesca et nl ., 1990; Agoche, 1995), but onJy after 4 
mo of treatment. While cutometry is used in human studies, and 
mouse data are not available for comparison , our measuretnents 
after f1ve to ten daily treatments clearly demonstrate a trend toward 
in1proved elas ticity in the treated skin. Ratios o f Ur/ U e o f 0.4-0.9 
are typically recorded for humans, depending on age , an atomical 
site, and other physiologic fa ctors (Barel et nl, 1995) . Interestingly, 
similar ratios occur in the l'thino mouse skin (Table II) . It is 
important to note that this e ffect was accompanied with only 
minimal erythema , which was not dose-dependent. 
PCD is a fundame ntal aspect of development, morphogenesis , 
and ti ssue homeostasis. Many PC D pathways lead to apoptosis, a 
mode of cell death involving cytoplasmic condensation and specific 
DNA fragmentation (re vie w ed by Bell am y et nl, 1995; Kraem er et 
nl, 1995; Vaux and Strasse r, 1996) . T he controls and sign als 
initiating cell death are only partially shared among different 
biologic system s, but a common fmal pathway seem s to be shared 
by all apoptotic pathways. Martin Raff (Raff et nl, 1993) theorized 
that the lack of survival signals fi·om the relevant cells would lead 
to PCD and apoptosis. He proposed that the death program 
operates by de£1 ult, wh en a mammalian cell is deprived of signals 
from other cells. At the completion of the first hair cycle, the Rhino 
mouse folli cular papillae fail to follow the regressing follicle 
(review ed by Sundberg, 1994 ) . The lack of epithelial-mesenchymal 
interactions prevents the reinitiation o f a ne w hair cycle. Our data 
suggest that the lack of the appropriate m esen chym al signals fi-om 
the papillae causes the folli cular epithelium to undergo extensive 
PCD and apoptosis. Tlus is in contrast to epidermal PC D at the 
granular layer , wluch is minimal, implicating abnormal epidermal 
maturation . Such a de fect in epidermal differentiation could add to 
the pathology of the Rhino skin . 
Trypsin could restore the balance between cell death and prolif-
eration within the folli cular epithelium. Trypsin induced involucrin 
and reduced transglutaminase gene e:-..1Jression . There fore, trypsin 
may b e replacing the papillae 's miss ing survival fa ctor(s) at the 
follicular epithelium. T his sugges ts that the interaction be tween th e 
follicular papillae and th e epithelium is mediated , at least in part , via 
a serine protease with some sinlllarities to trypsin . W e would like to 
propose that tlus interaction involves a signa] transduction e vent. 
W e had previously demonstrat ed that trypsin could delay hair 
growth and pigmentation by indu cing follicular papillae apoptosis 
(Seiberg et n/, 1997) . W e suggested that a receptor-mec\iated signal 
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transduction pathway is initiated b y trypsin , w hich leads to PCD 
and apoptosis at the papillae. A similar m echani sm , involving the 
inductio n o f signal transduction by a serin e protease, was also 
proposed for keratinocyte terminal diffe rentiatio n (Martlunuss et nl, · 
1995b) . T he involve m ent of serine pro teases and their inhibitors in 
si gnaling pathways and in cell- cell intera ction has been recently 
documented (e .g ., Granuner and Blenis, 1996; Stefansson and 
Lawre nce, 1996). C h an ges in protein tyrosine phosphorylation that 
correlate with the inhibition of apoptosis by pro tease inhibi tors 
were recently demonstrated in m yeloid cells (Lumelski and 
Schwartz, 1996) . Our current work demonstrates that tryp sin could 
prevent the Rhino folli cular epithelium PCD. W e would like to 
suggest that the balance between serine proteases and their n atural 
inhibitors plays a major role in the epithe liaJ-mesen chymal inter-
ac tions that control skin homeostasis. A shift in this balan ce could 
induce pathologic situations such as the early keratiniza tion events 
in acne . 
1-J/e would like to thnuk Dr. S. i\fiemic fo r prepnrnliou l!f' liposo tttes nud nd11ice 011 
deli11er)' systems, !11r. ). Potc ai/CI Dr. D. Castelli fo r assistiug with wtometer 
mllll)'sis, Dr. S. Prouty fo r Ji'uitjitl disw ss itms th roughout this st11dy, nud D rs. 
). Gc11dime11iw nud S . Pro/If )' fo r critical re"di11g <?f this 11/nl//tscript. 
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